Chronic pain after peripheral nerve damage is often accompanied by a reduction in prefrontal cortex (PFC)-related cognitive functions, which are regulated by noradrenaline, released from efferents originating in the locus coeruleus (LC). L5 to L6 spinal nerve ligation (SNL) in rats increased tissue content and extracellular concentrations of noradrenaline in microdialysates from the PFC, and impaired attentional level in the novel object recognition test. Systemic gabapentin, commonly used to treat chronic pain, impaired the novel object recognition task in normal but not SNL animals. Accordingly, gabapentin increased c-fos expression in LC neurons and noradrenaline release in the PFC in normal animals, but in SNL animals, gabapentin failed to increase c-fos expression in LC neurons projecting to the PFC and failed to increase noradrenaline release in the PFC. In contrast, locally perfused gabapentin reduced noradrenaline release in the PFC in vivo and in PFC synaptosomes in vitro. SNL-and gabapentin-induced impairment of novel object recognition task were reversed by intraperitoneal injection of the a 1 -adrenoceptor antagonist prazosin. These results suggest that increase in noradrenergic tone, induced by nerve injury or gabapentin, impairs PFC functions possibly via a 1 -adrenoceptor-mediated mechanisms; that the net effect of gabapentin on noradrenaline release in the PFC would depend on sometimes opposing actions at different sites; and that nerve injury selectively impairs the response to gabapentin in PFC-projecting neurons in the LC. Ó
Introduction
Chronic pain resulting from traumatic, metabolic, or oncologic damage to peripheral nerves is often accompanied by reduction in cognitive performance. As such, functions of the prefrontal cortex (PFC), including working memory and attention, are often impaired in patients with chronic pain [4] , but the mechanisms of impaired PFC functions have not been well studied. Noradrenaline, released by efferents from the locus coeruleus (LC) to the PFC, plays an important role in the regulation of PFC functions [3] . Moderate levels of noradrenaline under normal conditions strengthen PFC function via activation of a 2 -adrenergic receptors with high affinity for noradrenaline, whereas greater release of noradrenaline during stress impairs PFC functions via activation of lower-affinity a 1 -and possibly b 1 -adrenoceptors [23] . Because peripheral nerve injury increases content and basal release of noradrenaline in the spinal cord [11, 12] , the first aim of the current study was to test whether L5 to L6 spinal nerve ligation (SNL) also increases content and basal release of noradrenaline in the PFC, measured by tissue contents and in vivo microdialysis, and whether the increase in noradrenergic tone impairs PFC-related function, measured with the novel object recognition test [19] , via a 1 -adrenoceptormediated mechanisms.
The antiepileptic agent gabapentin effectively treats acute postoperative and chronic pain, but can also cause cognitive side effects [17, 18] . Although the analgesic mechanisms of gabapentin have been extensively studied in the spinal cord, little is known about the supraspinal mechanisms of gabapentin in pain and cognition. We and others have proposed supraspinal actions of gabapentin by demonstrating, in rodents after peripheral nerve injury and in patients with chronic pain, that systemically administered gabapentin activates descending noradrenergic pathways to produce analgesia [10, 11, 24] 
